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Abstract—Spatial distributions of other cell interference
(OCIF) and interference to own-cell power ratio (IOPR) with
reference to the distance between a mobile and its serving
base station (BS) are modeled for the down-link reception of
cellular systems based on the best-cell configuration instead
of the nearest-cell configuration. This enables a more realistic
evaluation of two competing objectives in network dimensioning:
coverage and rate capacity. More outcomes useful for dynamic
network dimensioning are also derived, including maximum BS
transmission power per cell size and the cell density required for
an adequate coverage of a given traffic density.
I. INTRODUCTION
More and more base stations have been deployed all over
the world to meet an ever-increasing demand for more date
rate per unit area. Base station power consumption, being the
major part of the energy consumption of a wireless network,
becomes a target for energy efficiency optimisation [1]. On one
hand, cells are getting smaller and smaller in order to provide
more capacity. On the other, dynamic dimensioning that caters
for varying traffic both temporally and geographically appears
to be promising for energy saving [2][3].
Dynamic dimensioning relies on a tractable approach to
coverage and capacity that is based on the analytical expres-
sion of spatial distribution of SIR with reference to the distance
between a mobile and its serving BS. Two representative
modelings were found in [4] for a grid network model and
in [5] for a Poisson point process (PPP) distributed network
model. The latter was extended to optimal BS density design
and dynamic BS sleeping in [6]. Both modelings assumed that
users were served by the nearest BS regardless of shadowing
effect, however in cellular operation, the cell search procedure
often allows a mobile to attach to a BS from which it receives
the strongest signal, thus the best cell is not necessarily the
nearest one due to channel shadowing effect. With the best-
cell configuration, the coverage area of a BS may go well
beyond the physical boundary of a cell, and the statistical
distribution of SIR is different from that of the nearest cell
configuration owing to the truncation effect of cell selection.
For this reason, unrealistic outage probabilities were drawn
in [7]. The best-cell configuration was considered in [8] for
PPP network with two questionable assumptions: i) SINR is
greater than one when in coverage, ii) Rayleigh fading in stead
of log-normal (LN) shadowing effect. The first assumption
can not be true for a CDMA system with large processing
gain. On the second, log-normal shadowing with a typical
standard deviation between 8 dB and 12 dB models gradual
changes over a large distance in cellular networks, therefore
is more relevant to cell planning than Rayleigh fading that
models multi-path effects (“microscopic” changes over a small
distance comparable to the carrier wavelength).
These above reasons motivated the work in this paper. Fol-
lowing an investigation of mobile distributions with reference
to the distance to the serving BS, analytical modeling of OCIF
and IOPR are formulated for the downlink reception with the
best-cell configuration for a grid model network. The results
are shown to be applicable to both CDMA and OFDMA
based systems. Moreover maximum BS transmission power
is derived per cell size for an interference limited system.
In section II, the system parameters are specified with
reference to [4]. Mobile distribution over the whole coverage
area as a result of cell assignment by BS signal strength
is investigated in Section III, following which the spatial
distributions of both OCIF and IOPR with reference to the
distance between a mobile and its serving BS are modeled
in Section IV. These allow a more realistic evaluation of
coverage and capacity in Section V, in which more outcomes
for dynamic network dimensioning are also derived for an
OFDMA system including a) maximum transmission power
per cell size, b) cell density required for a given traffic density.
Conclusions are given in section VI.
II. SYSTEM MODEL
Consider a grid model homogenous cellular network, each
BS is located at the center of a hexagonal cell with a regular
distance of 2Rc between them. Each BS transmits the same
power via an omni-directional antenna. Mobile users are
evenly distributed in the whole area. Due to both path loss
and shadowing effect in wireless propagation, it is anticipated
that a mobile is less likely to attach to a BS with increasing
distance, thus the number of users attached to a BS diminishes
gradually with increasing distance between the users and the
BS.
• Pb = Pcch+ΣuPb,u is the total power transmitted by BS
b, including power of common control channel Pcch and
all mobiles Pb,u;
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• Gb,u denotes the wireless channel propagation gain from
BS b to the mobile u, following a combined path-loss
and shadowing model [9]:
Gb,u = k0(rb/r0)
−ηe−aξb (rb > r0) (1)
where rb is the distance between a mobile and its
serving BS b, η is the path-loss exponent, k0 is radio
frequency related attenuation at near field (rb < r0) and
a = ln10/10. k0 = −10dB at r0 = 1 m are assumed in
this paper. e−aξb follows a log-normal distribution whilst
the shadowing factor ξb has a probability density function
(pdf) p(ξb) = N(0, σ2). Assume also that the log-normal
shadowing from different base stations are independent.
• Iint,u = PbGb,u denotes the own-cell power received at
mobile u;
• Iext,u =
∑
i 6=b PiGi,u denotes the OCIF from co-channel
cells received at mobile u.
A. CDMA system
Assume perfect power control in CDMA system, and the
SINR target γ∗ is the same for all users for a basic service.
According to [4], the transmission power of BS b can be
computed by
Pb = Pcch +
∑
u
Pb,u =
Pcch +
γ∗σ2n
1+αγ∗
∑
u hu
1− γ∗1+αγ∗
∑
u(α+ fu)
(2)
where
fu =
Iext,u
Iint,u
=
∑
i 6=bGi,u
Gb,u
(3)
hu =
1
Gb,u
=
rηb e
aξ
k0r
η
0
(4)
and α is the orthogonality factor that accounts for the imper-
fection of orthogonality between signals within the same cell,
σ2n is the power of additive white Gaussian noise (AWGN).
Note fu which gives IOPR of a homogenous CDMA
network, is determined by the ratio of the sum of OCIF
propagation gain to the own-cell signal propagation gain.
B. OFDMA system
Assume that the BS transmission power is equally dis-
tributed among all sub-carriers whilst each subcarrier is as-
signed to only one user which has the best cannel gain [10].
γ∗ denotes the SINR target per subcarrier s instead of per
mobile u. The following can be obtained:
γ∗ =
1
fs +
Nsσ2s
Pb
hs
(5)
where
fs =
∑
i 6=sGi,s
Gb,s
(6)
hs =
1
Gb,s
=
rηb e
aξ
k0r
η
0
(7)
Fig. 1. The probability of Pu⊂Ψ(b) for η = 3
and Ns denotes the total number of sub-carriers and σ2s the
AWGN power per subcarrier.
Note fs and hs obtained per subcarrier for an OFDMA
system are equivalent to fu and hu of a CDMA system
respectively, albeit own-cell power in IOPR of a CDMA
system is reduced to the signal power per subcarrier in an
OFDMA system, hence fs gives the inverse of SIR.
III. CELL ASSIGNMENT BY SIGNAL STRENGTH
Consider an area centred around BS b with radius up to 2Rc
over which mobiles are scattered uniformly, thus rb follows
a probability density function 2rb/(2Rc)2. When mobile u
is served by BS b, it is noted u ⊂ Ψ(b). See Fig.2. Since
a mobile is attached to station b from which it receives the
strongest signal, we have
rb
−ηe−aξb > rj−ηe−aξj (for all j 6= b) (8)
where rj is the distance between the mobile and base stations
other than b whilst ξj is the corresponding shadowing factor.
The following can be obtained:
ξj − ξb > η
a
ln
rb
rj
(for all j 6= b) (9)
Denote ξ4 = ξj − ξb ∼ p(ξ4) = N(0, 2σ2). The marginal
probability of a mobile attached to cell b rather than cell j can
be obtained by:
Pu6⊂Ψ(j) =
∫ ∞
η
a ln
rb
rj
p(ξ4)dξ4 = Q(
η√
2aσ
ln
rb
rj
) (10)
Equation (10) shows that the larger the distance, the less
likely that a mobile would attach to a BS due to path-
loss. Without losing generality, the probability of u ⊂ Ψ(b)
determined by the product of the marginal probabilities of
a mobile not belonging to any co-channel cell but b can be
approximated by that of a number of “nearest cells” of b
(depending the deviation of shadowing):
Pu⊂Ψ(b) =
∏
j 6=b
Pu 6⊂Ψ(j) ≈
∏
j⊂{BSnear}
Pu 6⊂Ψ(j) (11)
Fig. 2. Grid model of hexagon cells
Note that Pu⊂Ψ(b) is a function of the ratio rb/Rc irre-
spective of the cell size Rc. Simulations of cell selection
among six tiers of co-channel cells (total 37 cells) for a grid
model network of frequency reuse factor one confirm that, the
cell assignment can be determined by two smallest marginal
probabilities for LN shadowing between 8dB and 10dB, and
by three smallest marginal probabilities for LN shadowing
between 10dB and 12dB. This is shown in Fig.1, for which
a closed form estimation of the marginal probability of a
mobile attached to cell b rather than three other nearest cells
is obtained by:
Pu6⊂Ψ(j) ≈ Q( η√
2aσ
ln
rb
r¯j
) (j = 1, 2, 3) (12)
where
r¯1 ≈
√
(rb)2 + (2Rc)2 − 4Rcrb cos(pi/12)
r¯2 ≈
√
(rb)2 + (2Rc)2 − 4Rcrb cos(pi/3− pi/12)
r¯3 ≈
√
(rb)2 + (2Rc)2 − 4Rcrb cos(pi/3 + pi/12)
(13)
where the angle opposite to the rj in the acute triangle of base
station b, j and mobile u, that has a small range of radian
values (less or equal to pi/6, see Fig.2), is approximated by
the median.
It can also be seen from Fig.1 that the probability of a
mobile attachment decreases with increasing distance to the
BS, nonetheless a mobile may distribute outside the hexagon
border of a cell to which it belongs. Due to cell assignment
by signal strength, mobiles that are attached to cell b have a
non-uniform distribution that can be obtained by:
p(rb) =
rb
2Rc
2Pu⊂Ψ(b) (14)
A. Own-cell power
A conjecture derived from equation (9) is that, as a result
of best-cell assignment, the distribution of own-cell power is
truncated at small values such that
Pu⊂Ψ(b) =
∫ ξbmax
−∞
p(ξb)dξb (15)
Accordingly
ξbmax = Q
−1(1− Pu⊂Ψ(b))σ (16)
Hence the average propagation gain of owncell signal can be
obtained by
G¯b,u(rb) =
k0r
η
0r
−η
b
Pu⊂Ψ(b)
∫ ξbmax
−∞
e(−aξb)p(ξb)dξb
=
k0r
η
0r
−η
b e
σ2a2
2
Pu⊂Ψ(b)
(
1−Q (Q−1 (1− Pu⊂ψ(b))+ aσ)) (17)
This is verified by simulation. Note the result would be the
same for signal gain per subcarrier Gb,s but with different
frequency related factor k0. The truncation effect on the
distribution of shadowing factor ξb will be exploited in the
next section.
IV. SPATIAL DISTRIBUTION OF OCIF AND IOPR
A. OCIF
It is easy to understand that shadowing effect may be
significant for the OCIF from near BSs whilst path-loss may
outweigh shadowing in OCIF from far BSs. In the following,
the average of OCIF propagation gain is derived for the sum
of co-channel interference from the two nearest cells and cells
beyond:
∑
i6=b
G¯i,u(rb) = G¯1,u(rb) + G¯2,u(rb) + G¯3+,u(rb) (18)
where G¯1,u and G¯2,u correspond to the average propagation
gain of the interference from the two nearest co-channel BSs
respectively whilst G¯3,u accounts for that of the third nearest
co-channel BS and beyond. The path-loss and shadowing ef-
fects are treated independently, the following can be obtained:
G¯j,u(rb) =
k0r
η
0 r¯
−η
j
Pu⊂Ψ(b)
∫ ξbmax
−∞
∫ ∞
η
a ln
rb
r¯j
+ξb
e−aξjp(ξj)p(ξb)dξjdξb
=
k0r
η
0 r¯
−η
j e
σ2a2
2
Pu⊂Ψ(b)
∫ ξbmax
−∞
Q
(
η
aσ
ln
rb
r¯j
+
ξb
σ
+ aσ
)
p(ξb)dξb
(j = 1, 2)
(19)
and
G¯3+,u(rb) ≥ 2piρBSk0r
η
0
Pu⊂Ψ(b)
∫ r∞
r¯d
r1−η∫ ξbmax
−∞
∫ ∞
η
a ln
rb
r¯3
+ξb
e−aξp(ξ)drdξdξb
=
2piρBSk0r
η
0
Pu⊂Ψ(b)(η − 2)(r¯
2−η
d − r2−η∞ )e
σ2a2
2∫ ξbmax
−∞
Q
(
η
aσ
ln
rb
r¯3
+
ξb
σ
+ aσ
)
p(ξb)dξb
(20)
whereby
r¯d = (r¯2 + r¯3)/2 (21)
and ρBS = 12√3Rc2 is the base station density. The integration
over a circular ring area centered around u between an inner
radius of r¯d and outer radius of r¯∞ can be referenced to the
fluid OCIF model in [4].
Fig.3 and Fig.4 demonstrate that the spatial distribution of
OCIF propagation gain over the distance between the mobile
and its serving BS in terms of
p(rb)
∑
i 6=bGi,u(rb)∫ 2Rc−
0+
p(rb)drb
(22)
It can be seen that the estimation provides a tight lower bound
for OCIF propagation gain, especially for a smaller shadowing
effect. As anticipated, the larger the cell size, the smaller the
OCIF; on the other hand, the bigger the shadowing effect, the
larger the OCIF.
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Fig. 3. The Distribution of OCIF (η = 3 and σ = 8dB)
The spatial mean of OCIF can be obtained by:
µG =
∫ 2Rc−
0+
p(rb)
∑
i 6=bGi,u(rb)drb∫ 2Rc−
0+
p(rb)drb
(23)
Again the result would be the same for OCIF gain per
subcarrier
∑
i 6=bGi,s but with a different frequency related
factor k0.
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Fig. 4. The Distribution of OCIF (η = 3 and σ = 12dB)
B. IOPR
Likewise, the average of either fu given in equation (3) or fs
in equation (6) can be derived for the sum of the contributions
from the two nearest cells and cells beyond as in the following
(the indices u and s are dropped for brevity):
f¯(rb) = f¯1(rb) + f¯2(rb) + f¯3+(rb) (24)
where
f¯j(rb) =
1
Pu6⊂Ψ(j)
(
rb
r¯j
)
η
∫ ∞
η
a ln
rb
r¯j
e−aξ4p(ξ4)dξ4
=
eσ
2a2
Pu 6⊂Ψ(j)
(
rb
r¯j
)
η
Q
(
η√
2aσ
ln
rb
r¯j
+
√
2aσ + δj
)
(j = 1, 2)
(25)
and
f¯3+(rb) ≥ 2piρBSr
η
b
Pu6⊂Ψ(3)
∫ r∞
r¯d
r1−ηdr
∫ ∞
η
a ln
rb
r¯3
e−aξ4p(ξ4)dξ4
=
2piρBSr
η
b
Pu6⊂Ψ(3)(η − 2)(r¯
2−η
d − r2−η∞ )eσ
2a2
Q
(
η√
2aσ
ln
rb
r¯3
+
√
2aσ + δ3
)
(26)
in which
δj =
(
Q−1(Pu⊂Ψ(b))− η√
2aσ
ln
rb
r¯j
)
/σ (j = 1, 2, 3)
(27)
accounts for the shift of the mean of ξ4 from a marginal
probability u 6⊂ Ψ(j) to u ⊂ Ψ(b). Similarly we have
f2j (rb) =
1
Pu6⊂Ψ(j)
(
rb
r¯j
)
2η
∫ ∞
η
a ln
rb
r¯j
e−2aξ4p(ξ4)dξ4
=
e4σ
2a2
Pu 6⊂Ψ(j)
(
rb
r¯j
)
2η
Q
(
η√
2aσ
ln
rb
r¯j
+ 2
√
2aσ + δj
)
(j = 1, 2)
(28)
and
f23+(rb) ≥
[
2piρBS
∫ r∞
r¯d
( rrb )
−η
rdr
]2
Pu6⊂Ψ(3)
∫ ∞
η
a ln
rb
r¯3
e−2aξ4p(ξ4)dξ4
=
[
2piρBSr
η
b
(η−2) (r¯
(2−η)
d − r(2−η)∞ )
]2
Pu6⊂Ψ(3)
e4σ
2a2Q
(
η√
2aσ
ln
rb
r¯3
+ 2
√
2aσ + δ3
)
(29)
Fig.5 and Fig.6 show that the distributions of both first-order
and second-order of fu estimated respectively by:
f(rb)p(rb)∫ 2Rc−
0+
p(rb)drb
(30)
and
f2(rb)p(rb)∫ 2Rc−
0+
p(rb)drb
(31)
give good estimations. It is easy to understand that the
distributions are getting flatter for a larger shadowing effect
due to best cell configuration. The spatial mean and variance
of f can be calculated below:
µf =
∫ 2Rc−
0+
f¯(rb)p(rb)drb∫ 2Rc−
0+
p(rb)drb
(32)
σ2f =
∫ 2Rc−
0+
f2(rb)p(rb)drb∫ 2Rc−
0+
p(rb)drb
− µ2f (33)
where
f2(rb) = f21 (rb) + f
2
2 (rb) + f
2
3+(rb)
+ 2f¯1(rb)f¯2(rb) + 2f¯1(rb)f¯3(rb) + 2f¯2(rb)f¯3(rb)
(34)
Note both µf and σf are independent of the absolute vale of
the cell size Rc. This is because the own-cell power and other
cell power cancel each other in a homogenous network.
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Fig. 5. The distribution of f¯ for η = 3
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Fig. 6. The distribution of f¯2 for η = 3
V. NETWORK DIMENSIONING: AN OFDMA SYSTEM
With dynamic dimensioning, coverage for a varying traffic
demand needs to be satisfied with minimum number of sites
and minimum power cost. On one hand, the coverage defined
by the probability that a random user can achieve a target
SINR (indication of maximum rate by Shannon theorem)
can be obtained as the average of complimentary cumulative
distribution function (CCDF) of SINR over the entire area of
coverage [5]. On the other hand, outage, the complement of
coverage, is the probability that the SINR threshold cannot be
met for a random user attached to the cell [4]. Noise power
noise power spectrum density N0 = 4 ∗ 10−21 Watts/Hz, and
system total bandwidth Bw = 5 MHz are assumed in the
following subsections.
A. BS transmission power per cell size
Referring to equation (5), the following has to be satisfied
to guarantee an interference-limited system:
fs  Nsσ
2
s
Pb
hs (35)
of which fs is the inverse of SINR. Assume a large ratio
of 105 : 1 between two sides of the above inequality, the
maximum BS power can be obtained as:
Pmax =
105Nsσ
2
shs
fs
=
105Nsσ
2
s∑
i 6=bGi,s
(36)
where Nsσ2s = N0Bw, gives the total noise power of an
equivalent broadband system. Replace
∑
i 6=bGi,s with its
mean in equation (23), maximum base station transmission
power obtained for a homogenous network are shown in Fig.7
for different cell sizes. Consequently power density over area
is increased with increasing cell size as shown in Fig. 8
Points need to be noted. First, BS transmission power is only
a small part of an overall power cost of a BS [11]. Second, the
maximum BS transmission powers appear to be in line with
that of a commercial BS of macro-cell, micro-cell or pico-
cell, however this modeling suggests a significant reduction is
possible without compromising the system being interference
limited.
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Fig. 8. Power coverage over area vs cell size for η = 3
B. Cell density to guarantee a satisfactory coverage
The outage probability of can be deduced from (5) for an
interference limited system as:
Pout(γ
∗) = Pr
[
fs >
1
γ∗
]
(37)
With best-cell configuration, fs is a sum of LN RVs (random
variables) with larger attenuation (due to path-loss from far
BSs) and truncated LN RVs with smaller attenuation (due to
path-loss from near BSs). Empirical studies suggest that fs
can be approximated by a log-normal distribution. With mean
m = f¯(rb) and variance v = f2(rb) − (f¯(rb))2, the outage
probability can be obtained:
O(rb) ≈ Q
(− ln(γ∗)− µ
σ
)
(38)
where
µ = ln
(
m√
1 + v/m2
)
(39)
σ =
√
ln(1 + v/m2) (40)
This is proved to be a good approximation when
√
2σ is
used instead of σ to compensate for the truncation effect. The
average outage probability over the entire cell is computed by:
Pout(γ
∗) =
∫ 2Rc−
0+
O(rb)p(rb)drb∫ 2Rc−
0+
p(rb)drb
(41)
Fig.9 illustrates the coverage probability vs. SIR for an
interference limited OFDMA system. The analytical modeling
is verified by the simulation results, which show that the cov-
erage is actually improved slightly for a larger LN shadowing.
Coinciding with the observations of an improved QoS in [12],
this phenomenon is due to the best cell configuration with
which shadowing effect may undermine path-loss effect and
result in smaller IOPR (also seen in Fig.5), hence giving better
coverage or more capacity.
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Fig. 9. Probability of coverage vs. SIR for η = 3
Note the above results are independent of cell size. With
reference to Shannon theorem:
Ccell = log2(1 + γ
∗) (bits/s/Hz), (42)
the trade-off relation between coverage probability and cell
rate capacity can be derived jointly from (41) and (42) for each
carrier irrespective of cell size. On guaranteeing a satisfactory
coverage, the rate density over the area are met with a
corresponding cell density, as shown in Fig.10. Rate density
can be significantly higher with MIMO, but is beyond the
scope of this paper.
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Fig. 10. Rate per area for η = 3 and σ = 8dB ∼ 12dB
VI. CONCLUSION
In this paper, two important parameters for network di-
mensioning, i.e. the spatial distributions of OCIF and IOPR
are modeled for cellular systems following the best cell
configuration. The modeling provides more realistic evaluation
of coverage and rate that are verified by simulations. The
modeling is derived for a grid model network, but it is
applicable to other network models so long as the distances of
a mobile to a few nearest BSs can be referenced to its distance
to the serving base station. The results in the paper can be
easily expanded to a cellular network of sector sites with
directional antennas and with frequency re-use factor other
than one by changing the co-channel BS density appropriately.
In comparision to the nearest cell configuration commonly
assumed in previous publications, a few conclusions can be
drawn. First, the coverage can be actually improved slightly
under a larger shadowing effect, this is also supported by
the observations of improved QoS in [12] under larger shad-
owing. Second, the base station transmission power can be
reduced significantly with dynamic dimensioning. Third, cell
assignment by signal strength means smaller variance of both
OCIF and IOPR distribution, hence steeper curves of coverage
probability vs. rate capacity, this is particularly obvious for
a CDMA system in which the average effect on IOPR due
to multiple users sharing the same band means even smaller
variance. Application to the network dimensioning of CDMA
systems will be given in future works.
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